The resistance to nisin was examined for the vegetative forms and the endospores of 14 strains of 9 species of the genus Bacillus. Bacilli, endospores and culture filtrates were tested for ability to inactivate nisin. Marked antinisin activity was detected in extracts of bacilli and endospores of organisms which have a lytic mechanism for rupture of the spore coat (type L); little or no activity was observed in extracts from organisms which rupture the spore coat mechanically (type M). No significant extracellular activity was detected, except after the autolysis of bacilli. When organisms were cultivated in the presence of nisin (50 Reading units/ml. ; Berridge, 1949) the yield of organisms and the specific activity of the extracts was decreased; evidence to explain these observations is presented. No quantitative correlation was observed between the production of anti-nisin activity and the resistance of vegetative forms.
INTRODUCTION
Nisinase, an enzyme capable of destroying the polypeptide antibiotic nisin, has been shown in nisin-resistant strains of streptococci (Alifax & Chevalier, 1962 ; Galesloot, 1956 ; Lipinska & Strzalkowska, 1959) , and in strains of Staphylococcus aureus (Carlson & Bauer, 1957) . In a restricted range of substrate specificity tests the nisinase of Streptococcus thermophilus was shown to be active against nisin but not against some other antibodies tested (Alifax & Chevalier, 1962) . Gould & Hurst (1962) and Gould (1964) showed that the nisin resistance of endospores of certain Bacillus species was related to the post-germination mechanism for the rupture of the spore-coat. They showed that spores which had a lytic mechanism for rupture of the spore-coat (type L) contained a nisin-inactivator which was not detectable in spores which ruptured the spore-coat mechanically (type M), and they showed that type L spores had a higher resistance to nisin than had type M spores. They also showed that there was little difference in the resistance of spores and vegetative forms of type L organisms, but that the vegetative forms of spore type M organisms were often 20 times more resistant than were the corresponding endospores. The present paper describes work to determine whether the natural resistance of vegetative forms of species of Bacillus is related to the production of constitutive or inducible enzymes capable of inactivating nisin. Factors which affect the production of the nisin-inactivating enzymes of Bacillus cereus and B. polymyxa, and some of the properties of these enzymes, were examined.
METHODS

Organisms.
The species and strains of the organisms used in this work are given in Table 1 . A culture of BaciZlus cereus (PX) was also used in some experiments. A l l the organisms conformed to the descriptions given by Smith, Gordon & Clark (1952) . Stock cultures were maintained on nutrient agar (Oxoid no. 1) at 4" and were subcultured monthly.
Resistance of organisms to nisin. The resistance of organisms to nisin was determined by plating 0.02 ml. of a standardized washed suspension of vegetative forms, or of heat-shocked (85" for 15 min) endospores, on the air-dried surface of plates of glucose tryptone agar (pH 6.8) containing from 0 to 100 Reading units (r.u.) nisin/ml. (For Reading units, see later; Berridge, 1949) . The highest concentration of nisin which permitted macroscopic growth after incubation for 18 hr was taken as the measure of resistance of the organism. All tests, which were repeated on three separate occasions, were done in duplicate and the mean degree of resistance recorded.
Production of cell-free extracts. Conical flasks (I l.), each containing 250 ml.
Tryptone Soya (TS) broth (Oxoid; pH 6.8) were inoculated to 1 % (vlv) with a 6 hr shake culture of the organism in TS broth. The flasks were shaken for 18 hr at the appropriate temperature (Table 2 ) in a water bath. Organisms were harvested by centrifugation, washed by centrifugation four times, each with 50 ml. sterile buffer (0.1 M-citric acid + 0.2 M-Na,HPO4; pH 7-0; McIlvaine, 1921) , and were then suspended in 1Oml. of the same buffer to give a thick suspension. Acetone powders were prepared at -20" according to the method of Gunsalus (1954) . The yield of acetone powder was determined for each organism and a 0.5 % (w/v) suspension of the powder in McIlvaine's buffer (pH 7.0) was shaken in a stoppered flask for 5 days at 2" on a Microid flask shaker. Prolonged extraction was required to obtain an active extract from the acetone powders. Insoluble material was then removed by centrifugation at 20,OOOg for 15 min. and the supernatant fluid used to assay its anti-nisin activity. When organisms were grown in the presence of nisin, the cultures were incubated for 6 hr before adding to each flask 2.5 ml. of a solution of 5000 r,u. nisinlml. of 0-02 N-HCl; incubation was continued for a further 12 hr and the organisms then harvested. Acetone powders produced from the washed organisms were extracted with buffer by the procedure outlined above.
In later experiments the acetone powder method was replaced by an autolytic one.
Organisms were suspended in McIlvaine buffer (0.05 M-citric acid + 0.1 M-Na,HPO, ; pH 6*5), to a concentration equivalent to about 50 mg. dry wt./ml, and incubated for 1 hr at 45" in the presence of toluene (205%~ v/v). After incubation, the autolysate was cooled to lo, centrifuged at 20,OOOg for 15 min. and the supernatant fluid used to assay anti-nisin activity. A more active preparation was obtained by the autolytic method than by extraction of acetone-dried organisms. Culture Jiltrates. The supernatant culture fluids after centrifugation of cultures to deposit organisms were sterilized by Seitz filtration and adjusted to pH 7.0 by dissolving one phosphate buffer tablet (Edward Gurr Ltd.) in each 100 ml. filtrate. This solution was then used for the determination of anti-nisin activity.
Preparation of spore extracts. Slopes of ' sporulation agar ' (nutrient agar re-inforced with 0.1 % glucose+0-04% anhydrous MgSOd in 16 oz. medical flat bottles were inoculated with 5 ml. of an 18 hr shake culture in TS broth. The inoculum suspension was spread over the surface of the agar and the excess decanted. Slopes were incubated for 8 days, or until sporulation and lysis of the sporangia was complete. The spores were then washed from the surface with sterile distilled water, washed exhaustively with water by centrifugation, the upper layer of the pellet being discarded at each washing to remove residues of vegetative forms. Spores were extracted by shaking in a Mickle tissue disintegrator (H. Mickle Ltd., Gomshall, Surrey) for 2 hr at 2" with McIlvaine buffer (PH 7-0) in the presence of ballotini beads (grade 14). The ballotini and spore debris were removed by filtration through sintered glass filters (no. 2 porosity) followed by centrifugation at 20,000 g for 15 min. The supernatant fluid was used for the assay of its anti-nisin activity. Microscopic examinations. TS broth cultures of the organisms were stained with aqueous fuchsin (Smith et al. 1952) and examined for the presence of endospores. The extent of sporulation was determined by counting the number of sporulated organisms per field of view and relating this to the total number of organisms per field. Release of mature endospores was observed by phase-contrast microscopy.
Assay of anti-nisin activity. Anti-nisin activity was measured by incubating suitable volumes (0*140 ml.) of cell-free extract, or of culture filtrate, with 1 ml. of a solution of nisin (5000 r.u./ml. 0.02 N-HCl), the total volume being adjusted to 9.0 ml. with McIlvaine buffer (pH 7-0). Controls were prepared at the same time and consisted of buffered substrate alone, or of buffered substrate with autoclaved cell-free extract equal in volume to the extract used in the test. The incubated reaction mixtures were at pH 7.0 & 0.1. Samples (0.9 ml.) removed immediately after preparation of the reaction mixture and at intervals during the incubation period of 6 hr were pipetted into 0.1 ml. of 2 N-HCl to bring to pH 2.0. After mixing, the acidified samples were heated for 5 min. in a water bath at 100" to obtain maximal recovery of nisin, cooled and stored at 2" until required for assay of residual nisin.
The acidified samples were diluted in 0.02 N-HC~ by using a 'Clinical Diluter' (Camlab Glass Ltd., Cambridge) to give solutions containing between 2.0 and 10.0 r.u. nisin/ml. Residual nisin was determined by the agar diffusion method of Tramer & Fowler (1964) , by using large glass plates (12 in. x 12 in. (30.5 cm.) internal dimensions ; each plate required 300 ml. medium to give a depth of about 3 mm.). Standard solutions and test samples were dispensed on each plate, four wells being used for each sample, to allow for variation in diffusion of the antibiotic; the plates were incubated for 18 hr at 30".
The diameters of the zones of inhibition were measured after projection (Jarvis, 1966) and the concentrations of residual nisin computed from the graph of projected zone diameter plotted against log,, nisin concentration in the standards. The quantity of nisin destroyed was calculated from the difference between the nisin concentrations before and after incubation of the test samples, due allowance being made for loss of activity of the nisin in the controls (about 10%) and for the dilution factor. This method of assay was reproducible to within f 10%.
Units of activity of nisin and of the enzymes. The unit of activity of nisin as defined by Tramer & Fowler (1964) is the activity exhibited by 1.0 pg. of a standard batch of commercial nisin (Nisaplin ; Aplin and Barrett Ltd., Trowbridge, Wilts.) and is reputed to be equivalent to the previously defined Reading unit (r.u.: Berridge, 1949) . The unit of enzymic activity (e.u.) is an arbitrary unit defined as that amount of enzyme which will inactivate 1000 r.u. nisin in 6 hr at pH 7-0 and at the optimum temperature for the organism from which the enzyme was extracted. It is not possible at this stage to define the activity more precisely, as recommended by the Commission on Enzymes of the International Union of Biochemistry (Report, 1961) .
Growth curves. The extinction of TS broth shake-flask cultures was determined after various periods of incubation and growth curves plotted against time. Where necessary, the culture was diluted in TS broth; extinction measurements were made with an EEL Spectra absorptiometer (Evans Electroselenium Ltd., Halstead, Essex) at 650 mp with a 10 mm. cuvette.
Dialysis of cell-free extracts. Visking dialysis tubing (Hudes Merchandising Co. Ltd., London) was used for dialysis experiments. Before use the tubing was boiled for 30 min. in glass-distilled water and rinsed in six changes of glass-distilled water. Cellfree extracts in McIlvaine buffer (pH 7.0) were dialysed against isomolar buffer or distilled water for up to 48 hr at 2". The dialysis residue was used for assays of enzyme in the presence of buffered solutions of cations.
SpeciJicity of action of enzyme preparations. The enzyme preparations were tested for ability to hydrolyse casein by pipetting buffered cell-free extract into wells cut in plates of casein agar (10 ml. melted 3 yo (w/v), Ionagar no. 2, tempered to 50", mixed with an equal volume of tempered skim milk at the same temperature, poured into Petri dishes and allowed to set). After incubation at 30" for 18 hr the plates were examined for cleared zones around the wells.
Activity against bovine serum albumen (Armour Pharmaceutical Co. Ltd., Eastbourne, Sussex) and against gelatin was assessed by formol titration. The reaction mixtures consisted of 1.0 ml. cell-free extract and 50 ml. 1 % (w/v) protein solution adjusted to pH 7.0. After incubation for periods up to 72 hr, samples were assayed for increase in formol titration. Substrate and enzyme controls were run simultaneously and all reactions were compared with the activity of 1.0 ml. of a solution of Bactotrypsin 1 yo (Difco Ltd.) .
The renneting action of buffered cell-free extracts (1.0 ml.) was determined against 10 ml. freshly reconstituted skim milk in the presence of 0.02 M-CaCl,, at pH 6.0 and 7.0. Controls of substrate and of substrate + rennet were incubated simultaneously at 30".
The preparations were tested against the polypeptide antibiotics bacitracin, polymyxin (both from the Wellcome Research Laboratories, Beckenham, Kent), gramicidin (Koch-Light Laboratories Ltd., Colnbrook, Bucks) and subtilin (kindly supplied by Dr J. C. Lewis, U.S.D.A., Albany 10, California, U.S.A.). Residual antibiotic was determined on the pre-and post-incubation samples by agar diffusion assay against Micrococcus flaws.
Cell-free extracts of Bacillus cereus (PX and NCIB 3329) were assayed against isolated cell-wall preparations which had been made from vegetative forms of the same organisms as described by Salton & Home (1951) , and freeze dried. Lytic activity was measured by observing the decrease in extinction of a cell-wall suspension when incubated with enzyme preparation in the presence of Co2+ (Strange & Dark, 19573) . Although this method gave an indication of lytic activity it was not very satisfactory.
Electrophoresis of cell-free extracts. Samples of buffered cell-free extract were freezedried and redissolved in 1/10 the original volume of distilled water. Electrophoresis was done on cellulose acetate, 12 cm. x 2-5 cm. (Oxoid, Ltd.) in a Kohn horizontal electrophoresis tank (Shandon Scientific Co. Ltd., London) with barbitone buffer (pH 8.6, h = 0.05), acetate buffer (PH 4-0, h = 0.05) and tris-EDTA buffer (pH 7.0; Smith, 1960) . For all experiments a potential of 2.5 V./cm. strip-length was used. Protein bands were stained with Ponceau S according to the method of Kohn (1958).
RESULTS
Resistance to nisin of vegetative forms and endospores of Bacillus species
The mean measures of resistance are presented in Table 1 . The first four organisms have an enzymic mechanism for post-germination rupture of the spore-coat (type L) and these endospores were more resistant to nisin than were the endospores of the other organisms, which split the spore-coat mechanically (type M). There was little difference between the degrees of resistance of the vegetative forms of the two groups, with the exception of the thermophilic Bacillus stearothermophilus which was highly sensitive to nisin. Although the degrees of resistance for spore coat-splitting (type M) strains were slightly higher than those reported by Gould (1964) the results show the same general pattern. The difference was probably the result of differences in technique. 
Anti-nisin activity of cell-free preparations
Marked ability to inactivate nisin was detected in extracts of type L spores, but none was observed in extracts of type M spores. The anti-nisin activity of cell-free extracts of vegetative forms grown in the presence and absence of nisin (50 r.u./ml. medium) are presented in Table 2 . In most instances decreased yields of acetone-dried organisms and smaller specific activities of the extracts resulted from cultivation of the organisms in the presence of nisin. Experiments were later made to explain these observations (see below).
Extracts of nisin-grown organisms from one strain of Bacillus subtilis (NCIB 8057) exhibited greater anti-nisin activity than did extracts of the same organisms cultivated in nisin-free medium. Carlson & Bauer (1957) showed that the resistance to nisin of a strain of B. subtilis was increased by serial culture in the presence of nisin. It is possible, therefore, that the artificially developed resistance of B. subtillis was dependent upon induction of a specific 'nisinase' as is the case with Streptococcus thermophilus (Alifax & Chevalier, 1962) and with Staphylococcus aureus (Carlson & Bauer, 1957) .
Extracellular activity was only observed in filtrates of 18 hr cultures of Bacillus polymyxa (0.1 e.u./ml.) and of two strains of B. subtilis (0.1 and 0-4 e.u./ml. for strains CN 665 and NCIB 8075, respectively). However, some activity was shown by filtrates of 2-day to 8-day cultures of B. cereus (NCIB 3329), B. cereus var. mycoides and B. polymyxa; this is considered to have been due to liberation of intracellular enzymes on autolysis of the organisms. The activity in the filtrates of B. subtilis may also have resulted from autolysis, but was possibly due to the production of subtilopeptidase, an extracellular proteolytic enzyme of certain strains of B. subtilis (Giintelberg & Ottesen, 1952) , which was shown to inactivate ?isin (Jarvis, unpublished observation); 100 i.u. subtilopeptidase (B.D.H. Ltd., Poole, Dorset) inactivated about 150 r.u. nisin in 6 hr at pH 7.0. Since all the organisms used in this work showed marked proteolytic activity on laboratory media and since proteolytic activity was observed in many of the culture filtrates this suggests that nisin is unaffected by the extracellular proteolytic enzymes of many Bacillus species.
Efect of nisin on the vegetative forms of Bacillus
Growth curves were prepared with cultures of Bacillus cereus (NCIB 3329), B. polymyxa and B. subtilis (NCIB 8057). The curves in Fig. 1 are typical of those obtained. The addition of nisin to cultures in the lag phase resulted in a prolongation of that phase, whilst addition of nisin during the logarithmic phase caused rapid lysis of the organisms and the introduction of a prolonged secondary lag phase. The degree of lysis and the duration of the secondary lag phase were dependent upon the concentration of nisin added (Fig. 2) . After the initial inhibition the cultures grew normally except that an increased tendency to form chains was frequently observed. The nisin resistance of the organisms was not apparently increased. When nisin was added at the end of the logarithmic phase (Fig. l) , little change occurred either in the concentration of the organisms or in the rate of growth. This may have been merely a reflexion of the greater numbers of organisms present at this time. These results are similar to those reported for Clostridium butyricum (Ramseier, 1960) and for Staphylococcus aureus (Carlson & Bauer, 1957 PX) and B. polymyxa was determined for extracts of organisms taken at different stages of growth. No activity was detected until the beginning of sporulation, and the activity reached a peak shortly before the liberation of the endospores (Table 3) . These results suggest a similarity between the anti-nisin enzyme and the lytic enzymes previously described by Strange BC Dark (1957 a, b) . Gould & Hurst (1962) showed that the crude extract from endospores cultures was determined at 650 mp using a 10 mm. cuvette. Nisin was added (N), to a final concentration of 50 r.u./ml. medium, to cultures in the lag phase (I-@, the logarithmic phase and at the end of the logarithmic phase (D-U); a nisin-free control (0-0) was incubated simultaneously. Table 3 
. Production of nisin-inactivating enzyme by Bacillus cereus (PX) at diferent stages of growth
The organisms were grown in TS broth shake culture at 30". Samples were removed at intervals and extracts were prepared by autolysis of washed organisms at 45", pH 6.5 for 1 hr. The dry wt. of organisms was determined by drying suitable samples of the suspension of organisms in vacuum at 70" for 18 hr, and the extent of sporulation was determined by microscopy.
Time of Nisin-inactivating activity Comparison of the nisin-inactivating and the lytic enzymes of Bacillus cereus Cell-free extracts of organisms from sporulating cultures of Bacillus cereus (NCIB 3329 and PX) were prepared by autolysis at pH 5-5 and pH 7.0 (Strange & Dark, 19573) and by buffer extraction of acetone-dried organisms. The results obtained (Table 4) show that although the crude cell-free extracts were active against isolated cell walls and nisin, the partial purification procedure of Strange & Dark (19573) resulted in total inactivation of the nisin-inactivating enzyme, whilst the wall lytic enzymes remained active. However, the method used for assay of lytic activity was not very satisfactory because of precipitation in the blanks and the low relative activity of the preparations as compared to those reported by Strange & Dark (1957a, b) .
Table 4. Comparison of nisin-inactivating and cell-wall lytic enzymes of Bacillus cereus
Extracts of sporulating organisms grown in TS broth shake culture were prepared by buffer extraction of acetone-dried organisms and by autolysis of organisms at pH 5.5 and pH 7.0 (Strange & Dark, 19573) . The crude extracts were partially purified by precipitation at pH 3.0 (Strange & Dark, 1957b 
5:
Assayed at pH 4-0; (Strange & Dark, 1957b) 0 Method of autolysis: suspension of organisms in water (about 50 mg./ml.) added to equal volume of Mcnvaine buffer +23 % (v/v) toluene, and incubated for 1 hr at 37". Autolysate cooled rapidly to 1 ", centrifuged at 20,000 g for 15 min. and supernatant fluid stored at -20".
The crude cell-free extracts of vegetative Bacillus cereus (NCIB 3329) and B. polymyxa have been shown to be unable to initiate germination of 'primed' spores (Dr G. W. Gould, personal communication, 1966) , whilst a preparation of sporegerminating enzyme from B. cereus (PX) (Gould & Hitchins, 1965 ) was unable to inactivate nisin.
Evidence that the inactivation of nisin by cell-fee extracts of Bacillus cereus and B. polymyxa is enzymic In the experiments already described, it was assumed that inactivation of nisin resulted from enzymic action. Some experiments were made to confirm this assumption. The degree of anti-nisin activity was dependent upon the volume of cell-free extract used and upon the time of incubation (Fig. 3) . After incubation for 1 hr the amount of nisin inactivated was directly proportional to the volume of extract used but after incubation for 6 hr the rate of reaction had decreased considerably and the decrease in nisin activity was no longer directly proportional to the concentration of cell-free extract. Where very dilute enzyme preparations were used, e.g. 0*1-1*0 ml. of a 1/100 dilution, the inactivation was proportional to the volume of extract, even after incubation for 18 hr. These observations suggest that the activities reported above in Table 2 may have underestimated the potential activity of the more active preparations. The initial rate of inactivation, obtained from the slope of the tangent to the reaction curve at time 0 hr, is directly proportional to the volume of extract used (Fig. 4) . No attempt has been made to determine Michaelis constants for the enzymes. (@-a), and 0 r.u./ml. (0-0). Extinction was determined at 650 mp using a 10 mm.
cuvette. The preparations were active at low enzyme: substrate ratios, on a dry-weight basis. Experiments were made with partially purified nisin as substrate. At a substrate concentration equivalent to 2-2 mg. nisin A (40 r.u./,ug.), 93 % inactivation was obtained after incubation for 24 hr at 30" and pH 7-0, with 0-1 ml. (200 pg. dry wt./ml.) cell-free preparation from BaciZZus polymyxa. In the control series containing either no enzyme or heat-inactivated enzyme, only a 12% decrease of nisin activity was observed. Whilst the enzyme: substrate ratio in this experiment was only of the order of 1 : 110 it may be assumed that the partially purified nisin used as substrate contained nisin A, together with other nisins of lower specific activity, so that the actual enzyme: substrate ratio might have been several orders lower than that reported. Marked inactivation of nisin was obtained with B. cereus extracts at ratios down to 1 : 500 (assuming nisin A as substrate).
The nisin-inactivating enzymes were inactivated by heating to 100" for 5 min.; treatment of the preparations at room temperature with ethanol, acetone, trichloracetic acid or sodium tungstate resulted in total loss of anti-nisin activity. These results suggest that the anti-nisin activity was dependent upon the protein moiety of the extracts. 1.0 ml. of a solution of nish (5000 r.u./ml. 0.02 N-HCl) and 6.0 ml. of McIlvaine's buffer (0.1 M-citric acid+0.2 MNa,HPO,). Controls were prepared from buffered substrate containing 2-0 ml. heatinactivated preparation. The pH levels of the reaction mixtures were determined on the incubated mixtures. Aliquots (0.9 ml.) were removed before and after incubation at 30" for 6 hr and pipetted into 0.1 ml. 2 N-HCl. After heating for 5 min. at loo", the samples were diluted in 0.02 N-HCI for assay of residual nisin. The results presented allow for inactivation of nisin (c. 10 %) in the controls.
Extracts of both Bacillus cereus and B. polymyxa exhibited optimal activity around pH 7.0 (Fig. 5 ), but it was not possible to assess the activity under alkaline conditions since nisin is chemically inactivated under these conditions. There appeared to be a secondary optimum below pH 6.0 with the extract from B. polymyxa.
A preliminary investigation of the effect of enzyme inhibitors and cations on the activity of the extracts showed that both preparations required the presence of Ca2+, Co2+ and Mg2+ for maximal activity. Activity was decreased after prolonged dialysis against distilled water or buffer (PH 7.0) and was restored by adding these cations ( Table 5) . No differences were observed in the degree of activity of the preparations dialysed against water and those dialysed against isomolar buffer. This shows that the requirement for certain cations was not a function of the complexing effect of the citrate in the McIlvaine buffer. The enzymic destruction of nisin was inhibited to various degrees by the presence of Zn2+, Fe2+, Cu2+ and Mn2+ and by EDTA, KCN, cysteine, GSH and p-chloromercuribenzoate ( Table 6 ). Inhibition by EDTA confirmed the requirement for certain cations; whilst both cysteine and GSH caused a marked decrease in anti-nisin activity, both reagents themselves caused partial inactivation of the substrate. The effect of iodoacetate and of Hg2+ could not be determined since the former resulted in total inactivation of the nisin and the latter was toxic to the test organism. Cell-free extracts were dialysed at 2" for 48 hr against distilled water. Reaction mixtures consisted of 1.0 ml. dialysed enzyme preparation, 0.5 ml. nisin solution (5,000 r.u./ml.), 0 5 ml. of each cation solution (to 0.1 m~ where appropriate) and McIlvaine buffer (PH 7.0) to 4.5 ml. Samples (0-9 ml.) were taken immediately after mixing the reagents and after incubation for 6 hr at 30°, and were pipetted into 0.1 ml. 2 N-HCl. The acidified samples were heated for 5 min. at 100" and were diluted in 0.02 N-HCl for assay of residual nisin. SpeciJcity of the anti-nisin enzymes The cell-free preparations from vegetative Bacillus cereus and B. polymyxa had no observable effect against casein, gelatin or bovine serum albumin, and neither caused coagulation of skim milk at pH 6.0 or pH 7.0. From these results it is inferred that the nisin-inactivating enzymes are not proteases. The preparations were unable to decrease the potency against Micrococcus Jlavus of the polypeptide antibiotics bacitracin or polymixin B and destruction of gramicidin could not be shown. However, the anti-nisin preparations were active against subtilin and resulted in marked inactivation.
Electrophoresis of preparations from vegetative Bacillus cereus
and B. polymyxa The electrophoretic patterns produced on cellulose acetate were similar for extracts of both Bacillus cereus and B. polymyxa. The best separation was obtained with tris-EDTA buffer (pH 7.0); under the experimental conditions used four major and several minor fractions were observed. No attempt has yet been made to determine whether more than one of these fractions is active against nisin. 
DISCUSSION
Three general modes of resistance to antibiotics have been described. The first of these is the production of an enzyme capable of destroying the antibiotic, as in the case of penicillinase (Bondi & Dietz, 1948; Pollock, 1957) and nisinase (Alifax & Chevalier, 1962) . The second mode of resistance is due to changes in the cell-wall permeability, e.g. resistance to chloramphenicol (Kushner, 1955) and actinomycin (Polsinelli et al. 1964) . The third type is the acquisistion of some other mechanism (e.g. modification of the antibiotic-binding capacity of DNA) as reported for chlortetracycline (Saz & Martinez, 1956 ) and erythromycin (Taubman, Young & Corcoran, 1963) .
The production of nisin-inactivating enzymes by certain species of the genus Bacillus (B. cereus, B. cereus var. mycoides, B. polymyxa, B. megaterium) suggests that the mechanism of resistance to nisin by these organisms is dependent upon enzymic destruction of the nisin. Whilst nisin produces inhibition at all stages of growth the effect is more pronounced during the early phases when no intracellular anti-nisin enzyme is detectable. This suggests that the resistance of mature vegetative forms and of endospores of these species may be linked to production of the enzyme. However, since young organisms were able to overcome the inhibitory effect of nisin, the mode of resistance may be unrelated to the mechanism for production of the enzyme. It is possible that the enzyme is produced by the mature vegetative organisms for some function other than inactivation of nisin; however, the function of the enzyme would appear to differ from that of the lytic enzymes previously described (Strange & Dark,  1957a, b) .
Since the vegetative forms of the Bacillus species examined (except B. stearothermophilus) were resistant to similar concentrations of nisin, it appears that a general mechanism of resistance other than production of nisin-inactivating enzyme is prevalent within the genus. It is possible that the anti-nisin enzyme is produced by the sporulating organism and then adsorbed on to, or combined with, the wall of the type L endospore. This would explain the observation that type L endospores, which contain an extractable nisin-inactivating enzyme, are more resistant to nisin than are type M endospores (Gould & Hurst, 1962; Gould, 1964) .
It has been reported that nisin is inactivated by treatment with trypsin (Thorpe, 1960) and pancreatin (Heinemann & Williams, 1966) . It is not surprising therefore that ' subtilopeptidase ' also causes inactivation. However the extracellular proteases from several other Bacillus species appear to be unable to inactivate nisin; this suggests that these enzymes may have a mode of action which differs from that of tryptic-type of enzyme.
The relative decrease of the yield of organisms when cultivated in the presence of nisin is a direct result of nisin-induced lysis and of the secondary lag phase, since in the experiments made nisin was added to cultures in the logarithmic phase and the organisms were harvested after the same total incubation period as organisms grown in the absence of nisin. Furthermore, the lower specific activity of extracts obtained from organisms grown in medium containing nisin, resulted from the secondary lag phase. At the time of harvesting the organisms would be in a relatively less mature state and would have produced less enzyme than those organisms growing in nisin-free medium. The observed decrease in the specific activity of the extracts is consistent with these conclusions.
The results obtained in this work suggest that the anti-nisin action of cell-free extracts of Bacillus cereus and B; polymyxa is due to enzymic activity. Although the tests of substrate specificity were limited, activity was observed only against nisin and subtilin. Both of these polypeptides contain the S-amino acids /?-methyllanthionine and lanthionine in the ratio of 4: 1 (Lewis & Snell, 1951 ; Newton, Abraham & Berridge, 1953) , although Cheeseman & Berridge (1959) have since shown a ratio of 3: 1 in nisin A. However, the antibiotics differ in their content of other amino acids (Berridge, Newton & Abraham, 1952; Lewis & Snell, 1951; Cheeseman & Berridge, 1959) . In view of the similarity in the S-amino acid composition of nisin and subtilin it is possible that lanthionine and P-methylanthionine form part of the active centre of the antibiotics and that the enzyme acts by disrupting this structure.
The properties of the nisin-inactivating enzymes of Bacillus cereus and B. polymyxa appear to be similar, but no similarities exist between the properties of the nisininactivating enzyme of B. cereus and the extracellular protease of this organism described by Salter (1959). The crude cell-free extracts of vegetative forms of B. cereus and B. polymyxa contain at least seven protein components.
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